This study describes predictors of pneumococcal nasopharyngeal carriage and density in Fiji. We used data from four annual (2012)(2013)(2014)(2015) cross-sectional surveys, pre-and postintroduction of ten-valent pneumococcal conjugate vaccine (PCV10) in October 2012. Infants (5-8 weeks), toddlers (12-23 months), children (2-6 years), and their caregivers participated. Pneumococci were detected and quantified using lytA qPCR, with molecular serotyping by microarray. Logistic and quantile regression were used to determine predictors of pneumococcal carriage and density, respectively. There were 8,109 participants. Pneumococcal carriage was negatively associated with years post-PCV10 introduction (global P<0.001), and positively associated with indigenous iTaukei ethnicity (aOR 2.74 [95% CI 2.17-3.45] P<0.001); young age (infant, toddler, and child compared with caregiver participant groups) (global P<0.001); urban residence (aOR 1.45 [95% CI 1.30-2.57] P<0.001); living with �2 children <5 years of age (aOR 1.42 [95% CI 1.27-1.59] P<0.001); low family income (aOR 1.44 [95% CI 1.28-1.62] P<0.001); and upper respiratory tract infection (URTI) symptoms (aOR 1.77 [95% CI 1.57-2.01] P<0.001). Predictors were similar for PCV10 and non-PCV10 carriage, except PCV10 carriage was negatively associated with PCV10 vaccination (0.58 [95% CI 0.41-0.82] P = 0.002) and positively associated with exposure to household cigarette smoke (aOR 1.21 [95% CI 1.02-1.43] P = 0.031), while there was no association between years post-PCV10 introduction and non-PCV10 carriage. Pneumococcal density was positively associated with URTI symptoms (adjusted median difference 0.28 [95% CI 0.16, 0.40] P<0.001) and toddler and child, compared with caregiver, participant groups (global P = 0.008). Predictors were similar for PCV10 and non-PCV10 density, except infant, toddler, and child participant groups were not associated with PCV10
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Introduction
Pneumococcal disease is a leading cause of childhood morbidity and mortality worldwide [1] . Pneumococcal disease is preceded by pneumococcal nasopharyngeal carriage, and the severity of pneumococcal pneumonia is associated with bacterial load (density) of pneumococci in the nasopharynx [2, 3] . Public health interventions to prevent pneumococcal disease can be improved by identifying the factors associated with pneumococcal carriage. Determining factors associated with higher pneumococcal carriage density could aid estimation of pneumococcal pneumonia prevalence in childhood pneumonia studies [2] .
In low-and middle-income countries, risk factors for pneumococcal nasopharyngeal carriage vary [4] [5] [6] [7] [8] and few studies have investigated factors associated with the density of pneumococcal carriage in healthy populations [2, [9] [10] [11] . Common factors positively associated with pneumococcal carriage in low-and middle-income countries include indigenous ethnicity, passive smoking; co-colonisation with Haemophilus influenzae, childcare attendance, poverty, acute respiratory infection, living with young children, and being under five years old [4, 8, 12] . In studies from low-and middle-income countries, higher pneumococcal density has been positively associated with the symptoms of upper respiratory tract infection, presence of a febrile acute respiratory infection in children [13] , rainy season, severe pneumonia, viral coinfection, radiologically confirmed pneumococcal pneumonia, and encapsulated serotypes (compared with non-encapsulated serotypes) [2, [9] [10] [11] [13] [14] [15] [16] .
Pneumococcal conjugate vaccines (PCV) reduce vaccine-type carriage and disease [17, 18] . However, serotype replacement with non-vaccine-type carriage occurs following the introduction of PCV which can result in non-vaccine-type disease [19, 20] . In the post-PCV era, it is largely unknown what the impact of PCV is on the risk factors for pneumococcal carriage and density in low-and middle-income countries in the Asia-Pacific region.
In 2012, Fiji introduced the ten-valent PCV (PCV10). Six years before PCV10 was introduced, factors associated with pneumococcal carriage in healthy 3-13 month old Fijians included indigenous iTaukei (iTaukei) ethnicity and having symptoms of an upper respiratory tract infection (URTI) [4] . iTaukei ethnicity was also associated with higher median pneumococcal density among 17 month old Fijians [21] . Fiji provides an opportunity to investigate factors associated with pneumococcal carriage and density in the post-PCV10, in a tropical, upper middle-income setting. As part of a PCV10 impact evaluation on pneumococcal carriage, we previously reported that the prevalence of vaccine-type carriage declined in both iTaukei and Fijians of Indian Descent (FID) three years after the introduction of PCV10, but carriage of non-vaccine-type carriage increased in iTaukei infants and toddlers [22] . The aim of this study is to determine the factors associated with carriage and density of pneumococci (overall, vaccine-type, and non-vaccine-type) in Fiji up to three years following PCV10 introduction.
Materials and methods

Setting
The majority of the Fijian population (81%) lives on Viti Levu, the bigger of Fiji's two main islands. Greater than half (56.8%) of the population are iTaukei and 37.8% are FID. This study
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Factors associated with pneumococcal carriage and density in Fiji PLOS ONE | https://doi.org/10.1371/journal.pone.0231041 April 1, 2020 2 / 18 study objectives and how data would be used. These restrictions apply to all data included in this manuscript. It is not consistent with our ethical permissions to share de-identified or aggregate versions of our data, as publicly available data could be used for purposes that were not specified in the protocol approved by the ethics committee, and therefore would be a breach of our ethics permissions. During the informed consent, the purpose of the study was explained to participants, and they were told how their data would be used. The use of these data for a new purpose that was not included in the approved study protocol would require additional ethical approval from the Fijian National Health Research and Ethics Review Committee. Following approval, de-identified data would be made available. Additionally, this process is mindful of potential sensitivities regarding data from ethnic minorities. We have included contact information for the ethics committee via in fijihealthresearch@gmail.com. We recommend that requests for data also be sent to the Principal Investigator, Prof. Fiona Russell (fmruss@unimelb. edu.au), so she can assist with the process. 
Cross-sectional carriage studies
The design and methods for these cross-sectional studies have been described elsewhere [22] . Briefly, four annual cross-sectional carriage surveys were undertaken: one pre-PCV10 (2012), and then annually thereafter (2013) (2014) (2015) . Purposive quota sampling achieved a sample proportionate to the national iTaukei: FID (3:2) and rural: urban (1:1) ratios [4, 23, 27] . Each year, approximately 500 participants were recruited into each of the following four groups: infants 5-8 weeks (infants), toddlers 12-23 months (toddlers), children 2-6 years (children), and their parents/guardians (caregivers). Age groups were selected in order to best answer the primary research question regarding impact of PCV10 on pneumococcal carriage prevalence in Fiji, and as described previously, were based on those most likely to benefit from direct and indirect effects of PCV10; those likely to have the highest pneumococcal carriage prevalence; those ageeligible for PCV10 vaccination; and those most likely to transmit or be in contact with transmitters of pneumococci [22] . This analysis used the same study population. Participants were recruited from two health centres in the Greater Suva area, and from surrounding communities. Eligibility criteria included age or being a caregiver, and for noninfant participants, that they had lived in the area for at least three months. Those with an axillary temperature �37.0˚C were excluded. For the pre-PCV10 survey, any receipt of PCV10 was an exclusion criterion for all participant groups. For subsequent surveys, only infants who had ever received PCV10 were excluded.
Study staff interviewed caregivers and recorded individual level participant characteristics on data collection forms. Variables collected included: self-reported ethnicity, sex, residential location, antibiotic use in the fortnight preceding the survey, exposure to household cigarette smoke, coryza, symptoms of allergic rhinitis, cough, ear discharge, number of children less than five years in the household, and weekly family income. Caregivers reported their own, and their participating child's or children's ethnicity, according to options defined by the investigator (iTaukei, FID, or other) and recognized by Fijian population [23] . PCV10 vaccination status for infants and children was obtained from written records. As PCV10 was unavailable privately, caregivers were assumed to be PCV10 unvaccinated. A binary variable for symptoms of URTI was derived from the presence of one or more of the following: coryza, allergic rhinitis, cough, or ear discharge. A binary variable for low family income was derived, defined as family income on / above or below the basic needs poverty line (<FJ$175 per week) [28] .
Trained study nurses collected nasopharyngeal samples using flocked nylon swabs (COPAN FLOQSwabs TM ), which were transported and stored according to standard methods, as described previously [22, 29] . Microbiological analyses were undertaken at the Murdoch Children's Research Institute in Melbourne, Australia as described previously [22] . In brief, pneumococci were detected using real-time quantitative-polymerase chain reaction targeting the lytA gene, with molecular serotyping by microarray [29] [30] [31] . Laboratory staff were blinded to participant characteristic data. Detection of any pneumococci in swab samples, including non-encapsulated lineages, was defined as overall pneumococcal carriage. Detection of serotypes included in PCV10 (serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, and 23F) was defined as PCV10 carriage, and detection of serotypes not included in PCV10, including non- Abbreviations: PCV10, ten-valent pneumococcal conjugate vaccine; URTI, upper respiratory tract infection; IQR, interquartile range. a Unless otherwise specified b Two doses of PCV10 given before the age of 12 months, or one or more doses of PCV10 given at or after 12 months of age [35] c Weekly family income below the basic needs poverty line (<FJ$175 per week) [28] d Any pneumococci, including non-encapsulated lineages encapsulated lineages, was defined as non-PCV10 carriage. Detection by microarray of a PCV10 serotype and a non-PCV10 serotype from the same swab sample was recorded as positive for both PCV10 and non-PCV10 serotype carriage [22] . Any detection of a serotype by microarray was considered positive, regardless of relative abundance [22] . Non-encapsulated lineages were classified based upon previously described genetic variants [32] . We determined pneumococcal density only for pneumococcal positive samples, and reported it in genome equivalents per ml (GE / ml). Participant characteristic data were double entered, and validated, in an EpiData 3.1 database [33] . Microbiological outcome data were entered into Microsoft Excel (Excel 2013) and merged with characteristic data in Stata 15.1 [34] .
Statistical analyses
Participant characteristics were summarised using counts and percentages. We built logistic and quantile regression models to investigate the factors associated with pneumococcal carriage and density, respectively. Empirical univariable results (p<0.2) and a priori selection informed variable choice for multivariable models. Factors assessed empirically included residential location, participant sex, two or more children under five years living in the household, low family income, exposure to household cigarette smoke, and recent antibiotic use. Variables selected a priori included PCV10 vaccination, survey year, ethnicity, participant group, and URTI symptoms [4, 14] . Interaction terms for ethnicity with PCV10 vaccination status, and with survey year, were assessed to account for the potential differential effect of PCV10 vaccination, or number of years post-PCV10 introduction, on pneumococcal carriage and density by ethnicity. We also assessed potential interaction between ethnicity and other socio-demographic factors in the models. Interaction terms were included as indicated, with significance level set at P<0.05. Estimates of the association of participant characteristics with carriage and density were reported as odds ratios and differences in medians, respectively, with 95% confidence intervals (95% CI) and P-values. Pneumococcal density data were log 10 transformed prior to analyses, and analyses of pneumococcal density were restricted to pneumococcal carriers. Only 14/38 participants who identified as "other" ethnicity had pneumococcal positive samples, so were excluded from inferential analyses. Merged data were cleaned and analysed in Stata 15.1 [34] .
Ethics statement
This study was carried out in accordance with the protocols approved by the Fijian National Health Research and Ethics Review Committee (201228), and The University of Melbourne Health Sciences Human Ethics Sub-Committee (1238212). Study staff discussed the study with caregivers, and written informed consent was completed prior to any study procedures. Participants were not offered any incentive to participate.
Results
Participant characteristics
There were 8,109 participants, with characteristics shown in , while those for PCV10, non-PCV10 carriage, and non-encapsulated lineages were 4.9 log 10 GE/ml (4.1-5.6), 4.9 log 10 GE/ml (4.1-5.7), and 4.3 log 10 GE/ml (3.7-4.9), respectively [22] .
Factors associated with overall carriage
ITaukei ethnicity, young age (infant, toddler, and child participant groups vs caregivers), urban residence, living with two or more children under five years, low family income, and URTI symptoms were positively associated with overall carriage (Table 2) . Survey year was negatively associated with overall carriage. There was evidence of protection from PCV10 vaccination against overall carriage, however the confidence interval crossed the null value. There was evidence of an interaction between survey year and ethnicity (global P<0.001), but no evidence of an interaction between PCV10 vaccination status and ethnicity (global P = 0.880).
Factors associated with PCV10 carriage
iTaukei ethnicity, young age (infant, toddler, and child participant groups), urban residence, living with two or more children under five years, low family income, symptoms of URTI, and exposure to household cigarette smoke were positively associated with PCV10 carriage (Table 3) . PCV10 vaccination and survey year were negatively associated with PCV10 carriage. There was no evidence of an interaction between PCV10 vaccination status (P = 0.902) or survey year (P = 0.171) and ethnicity with regard to PCV10 carriage.
Factors associated with non-PCV10 carriage
iTaukei ethnicity, young age (infant, toddler, and child participant groups), urban residence, living with two or more children younger than five years, low family income, and URTI symptoms were positively associated with non-PCV10 carriage (S1 Table) . As with overall carriage, there was evidence of an interaction between survey year and ethnicity, as the two ethnic groups had differential odds of non-PCV10 carriage (P<0.001), but no evidence of interaction between PCV10 vaccination status and ethnicity (P = 0.856).
Factors associated with overall pneumococcal density
Toddler and child participant groups, and symptoms of URTI were positively associated with density of overall pneumococcal carriage (Table 4 ). There was evidence of an association between iTaukei ethnicity and overall pneumococcal density, however the confidence interval included the null value. Although the adjusted median difference in overall pneumococcal carriage density increased in the first two years after the introduction of PCV10, this was not sustained into the third year (Table 4 ). There was no indication of an interaction between PCV10 vaccination status (P = 0.864) or survey year (P = 0.347) with ethnicity.
Factors associated with PCV10 pneumococcal density
Symptoms of URTI were positively associated with median density of PCV10 carriage (S2 Table) . Although there was an initial increase in the adjusted median difference in PCV10 carriage density in the first year after PCV10 introduction, it was not sustained through the second and third year post-PCV10 introduction (S2 Table) . There was no indication of an Two doses of PCV10 given before the age of 12 months, or one or more doses of PCV10 given at or after 12 months of age [35] c Data on number of children under five years living in the household were missing for three participants, of whom none were pneumococcal carriers d Weekly family income below the basic needs poverty line (<FJ$175 per week) [28] ; data on family income were missing for 272 participants, of whom 118 were pneumococcal carriers e Data on antibiotics use were missing for four participants, of whom two were pneumococcal carriers.
https://doi.org/10.1371/journal.pone.0231041.t002
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Factors associated with pneumococcal carriage and density in Fiji interaction between PCV10 vaccination status (P = 0.170) or survey year (P = 0.686) with ethnicity.
Factors associated with non-PCV10 pneumococcal density
Symptoms of an URTI and young age (infant, toddler, and child participant groups) were positively associated with median density of non-PCV10 carriage (S3 Table) . As with density of overall and PCV10 pneumococcal carriage, the increase in density of non-PCV10 carriage in association with survey year was not sustained to the third year post-PCV10 introduction, and there was no evidence of interaction between PCV10 vaccination status (P = 0.156) survey year (P = 0.138) with ethnicity.
Discussion
This study provides new findings on the factors associated with overall, PCV10, and non-PCV10 pneumococcal carriage and density, in the years surrounding PCV10 introduction in a tropical, upper middle-income country in the Asia-Pacific region. In this study, iTaukei ethnicity was an independent predictor of carriage (overall, PCV10, and non-PCV10), after adjustment for PCV10 vaccination status and survey year post-PCV10 introduction. We also checked the potential interaction between ethnicity and other sociodemographic variables, and found no evidence of interaction. Previously, we found that prior to PCV10 introduction, iTaukei ethnicity was associated with increased odds of overall pneumococcal carriage in children aged 3-13 months (aOR 2.81 [95% CI 1.76-4.49] P<0.001) [4] . The reason for this association is unknown. Further, we have reported that differences in social contact patterns by ethnicity partially account for higher prevalence of pneumococci among iTaukei, compared with FID, but that differences in carriage prevalence are also likely related to ethnic differences in host or environmental factors [36] . Few studies have described associations between pneumococcal carriage and indigenous and non-indigenous populations living in the same area, with similar access to healthcare, and with similar and high PCV coverage rates. Our findings are consistent with other studies comparing indigenous and non-indigenous populations in the same setting. In a pre-and very early post-PCV7 longitudinal study of 280 indigenous and non-indigenous children in remote Australia, who were followed from birth to 2 years, indigenous status was positively associated with pneumococcal carriage (OR 3.3 [95% CI 2.6-4.2] P<0.001) [37] . In Israel, a longitudinal study of 369 Bedouin and 400 Jewish children enrolled in a trial of PCV7, found Jewish children to have significantly lower odds of pneumococcal carriage, compared with Bedouin children (aOR 0.14 [0.10-0.21]) [38] . In contrast, a post-PCV13 cross-sectional study of 352 children aged less than six years in Greenland, found indigenous ethnicity was not associated with pneumococcal carriage (aOR 0.7 [95% CI 0.3-1.5] P = 0.32) [39] . Likewise, a cross-sectional study in Alaska post-PCV7 involving 1,275 children aged 3-59 months, found no association between indigenous ethnicity and overall or PCV7 carriage (OR 1.0 [95% CI 0.8-1.3] and (OR 1.1 [95% CI 0.75-1.6], respectively) [40] . Unlike our study, however, both the Greenland and Alaska studies occurred in high income settings, which may comparatively reduce the impact of ethnicity based socioenvironmental differences that might be related to pneumococcal carriage. Further, the Greenland study included few non-Inuit participants, and may have been underpowered for analysis by ethnicity [39] .
Other factors associated with pneumococcal carriage in this study, were largely consistent with studies from the pre-PCV10 era. For example, we observed young age, residential location, living with young children, low family income, and symptoms of URTI to be risk factors for all types of carriage [4, 8, 12] . Similarly, the majority of studies assessing factors associated Abbreviations: CI, confidence interval; PCV10, ten-valent pneumococcal conjugate vaccine; URTI, upper respiratory tract infection. a Density of overall, including non-encapsulated, pneumococci b Two doses of PCV10 given before the age of 12 months, or one or more doses of PCV10 given after 12 months of age [35] c Weekly family income below the basic needs poverty line (<FJ$175 per week) [28] ; data on family income were missing for 118 pneumococcal carriers d Data on antibiotic use were missing for two pneumococcal carriers.
https://doi.org/10.1371/journal.pone.0231041.t004
with pneumococcal carriage after the introduction of PCV into national immunization schedules have reported age, poverty or proxies of poverty, number of young children living in the household, and symptoms of URTI as positively associated with pneumococcal carriage [41] [42] [43] [44] [45] . Previous studies have heterogenous findings regarding exposure to cigarette smoke and recent antibiotic use and their associations with pneumococcal carriage [5, 11, [46] [47] [48] [49] [50] [51] [52] [53] . We found exposure to household cigarette smoke was a risk factor, but only for PCV10 carriage. However, levels of exposure to cigarette smoke require detailed monitoring, which was not incorporated in this study. We also found no association between antibiotic use and pneumococcal carriage, which may reflect very low prevalence of recent antibiotic use in our sample. In this study, PCV10 vaccination status and survey year were protective against overall and PCV10 carriage, but were not associated with non-PCV10 carriage. We found only three studies undertaken after PCV was introduced into national immunization programs that assessed factors associated with pneumococcal carriage, and included PCV vaccination status as a variable [16, 54, 55] . In a cross-sectional study of 361 children under five years of age in Jimma, Ethiopia, the odds of overall pneumococcal carriage increased in association with having siblings under five years old (aOR 1.80 [95% CI 1.17-2.77] P = 0.008), and malnutrition (aOR 2.07 [95% CI 1.24-3.44] P = 0.005), but PCV vaccination was not associated with a decrease in carriage (three doses aOR 1.08 [95% CI 0.60-1.89] P = 0.82, one or two doses aOR 1.06 [95% CI 0.40-2.83] P = 0.90) [54] . This may have been due to serotype replacement and capsular switching of pneumococci by recombination, such that the immune pressure from PCV selected for non-vaccine serotypes [54] . However, in a cross-sectional study of 1,668 healthy children aged 12-23 months in Brazil, the odds of vaccine-type carriage declined in association with three (aOR 0.073 [95% CI 0.026-0.204] P<0.001) and four (aOR 0.027 [95% CI 0.007-0.113] P<0.001) doses of PCV10, and increased in association with day care attendance (aOR 2.358 [95% CI 1.455-3.821] P<0.001) and colonization with H. influenzae (aOR 2.454 [95% CI 1.529-3.939] P = 0.0006) [55] . Similarly, in pre and post-PCV13 pneumococcal carriage surveys involving 999 infants aged 5-8 weeks and 1,010 toddlers aged 12-23 months in Lao PDR, two or three doses of PCV13, compared with zero or one, was protective against PCV13 carriage among toddlers (aOR 0.60 [95% CI 0.44-0.83] P = 0.002) [16] .
Although our findings are consistent with the Brazilian and Lao PDR studies regarding PCV being protective against PCV carriage, broader comparisons between these and other studies is hampered by the heterogeneity of settings, populations sampled, and the factors and definitions used. For example, in our study participants were community based, healthy, from four different age groups, did not attend childcare, and we did not include co-colonisers or malnutrition as exposures. Comparatively, the studies from Ethiopia, Brazil, and Lao PDR included child and infant participants only, including those attending childcare / school, and those suffering malnutrition, pneumonia, sinusitis, and otitis media.
Our observations regarding no association between PCV10 and non-PCV10 carriage may be due a lack of selection pressure towards an overall increase in non-PCV10 carriage early post-PCV10 introduction, due to serotype replacement occurring only in iTaukei infants and toddlers, rather than across all participant groups, as described previously [22] . In contrast, increases in non-vaccine type carriage have been reported following the introduction of PCV7 in England, PCV10 in Kenya, and PCV13 in Malawi and The Gambia [56] [57] [58] [59] . However, it should be noted that the studies from Kenya, England, The Gambia, and Malawi were in vastly different contexts from our study, one notably in a high-income setting, rendering comparisons difficult.
Pneumococcal density has previously been found to be positively associated with microbiologically confirmed pneumococcal pneumonia, and could be used to improve estimates of pneumococcal pneumonia prevalence in childhood pneumonia studies [2] .Our study contributes to the understanding of factors associated with pneumococcal carriage density. We found that symptoms of an URTI were associated with increased median density of carriage (overall, PCV10, and non-PCV10), consistent with cross-sectional carriage surveys from Peru, Lao PDR, and Indonesia [9, 11, 13, 16] . We found PCV10 vaccination was not associated with pneumococcal density, and that although differences in median density of all types of pneumococci increased one to two years following PCV10 introduction, this was not sustained into the third year. There are relatively few risk factor studies describing the association between pneumococcal density and PCV vaccination status. Those that do, have heterogeneous findings. A double-blind, randomized controlled trial of PCV13 and Hepatitis A vaccine (control arm) in adults, using the Experimental Human Pneumococcal Challenge model, found that pneumococcal density in the PCV13 arm was significantly lower compared with the control arm (P<0.0001) [60] . In a cluster-randomized trial of PCV7 and Meningococcal C vaccine (control arm) in rural Gambia, density of PCV7 pneumococcal carriage was lower in PCV7 villages compared with control arm villages [61] . However, this was not attributed to PCV7, as density of non-PCV7 carriage also declined in both vaccine and control villages [61] . Similarly, a decline observed in both PCV13 and non-PCV13 pneumococcal density in Laotian infants and toddlers was attributed to secular trends rather than PCV13 directly [16] .
Limitations to our study should be noted. Firstly, because participants were recruited from Greater Suva and the surrounding areas, generalizability to the wider Fijian population may be limited. The non-random sampling method may have introduced sample selection bias, such results may not be generalizable to the Fijian population. However, the purposive quota sampling method rendered the sample representative of the Fijian population with regard to ethnicity and residential location, which are associated with pneumococcal carriage [4, 27] . The cross-sectional nature of this observational study precludes causal, associations from being drawn between participant characteristics and pneumococcal carriage or densities. Finally, we did not collect data on co-colonizing bacterial or viral species, and are therefore unable to investigate the association of such factors with pneumococcal carriage or density, which have been identified as risk factors in other studies [9] [10] [11] .
These limitations notwithstanding, this study documents the factors associated with pneumococcal carriage and density post-PCV10 introduction in an upper middle-income country. Introduction of PCV10 was negatively associated with the odds of overall and PCV10 pneumococcal carriage in Fiji. However, iTaukei ethnicity remains positively associated with pneumococcal carriage in Fiji, despite high and similar PCV10 coverage rates across iTaukei and FID populations. Further research is warranted regarding the factors underlying the observed ethnicity based differences in pneumococcal carriage, and whether the impact of PCV10 on pneumococcal disease incidence differs by ethnicity in Fiji. 
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